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(54) Impedofice foedback monitor for olactroaurgtcal iratnimont 

(S7> An impadanca monitoring Oevicaispi^^ 
moniioring the alactrical impadanca ol tteaoa as A » 
traaiad with alactroftufgicat anargy. Basadon a pradictad 
modal ol tissue impadanca and a numbar of MiiaJ im- 
padance raadingft^ tha impadanca at «d^tich tissue treai- 
manl is complatad is pradictad Mof a panict^. a min- 
imum mpedanca (aval ismaasuriKf anda function of 
minimum impadanca la issad lodetamrir>a lifpadMa at 



I cooguWon is complatad. A control dovica is pro- 
vidad lor Miging tha output of iha ganarator within an 
opcimom ranga basad on a system load cunra. In one 
•" <>od ima nt Iha impadanca monitoring davca is used 
in conjunction with a bipolar alactibsurgicat instnjmant. 
Prafarably. iha instnimanl comjprisas alectrk»»y oppo- 
site alactrodaa located on one or mora tissue engagvig 
surfaces Idr engaging liseua to be treated: 
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OMcrtpUon 

This invention ratatoa lo elactnssurgical tissue treat- 
mgnt. and in paiticuter. to a method and appaiatus tor 
controlling the etectfoaurgical Ireatmeni of (tesue by 
meafttmr>g impedance ci Che tissue being treated by an 
electrosurgicat device 

Backgroynd ol the Invention 

Electrosurgical generalofs are used to deliver ther- 
apeutic electrical energy to surgcal instrunentr These 
instrumenu are used for example, for cutting, coagula- 
tion, tissue welding, ablaiion. and dissection. Both mo- 
nopolar and bipolar ger^erators typk»Oy supply elecUo- 
surgcal energy in the radio trequerKy iRF) rmnqe to isuch 
irtstiurrMms. UsuaOy such geneiators include controls 
thai regulate the voltage and^or current so that a select 
power level is approximately delivered ar>d a maximum 
poiwer level is not exceeded. 

such RF generators are used, the pnmary 
control is me exporters of the surgeon who r etp on ds 
to is obssfved to be happening lo the tissue as it is 
treated with the RP energy. Often. particularV for endo- 
scopic procedures* surgeons carwM readily see what ts 
happening to the tissue. Also, the change in tissue prop- 
erties due to the RF energy may ooctiir so quacfcly *o as 
rwt to alfprd time for the surgeon to reiMCt soon enough 
to turn off electrical energy to the mstrumenl As a result, 
some problems which may occur include tissue charhrtg. 
sticldrtg ol tissue lo the eleetrodes of the surgicat instru- 
ment, and cm or under treafrnem of ttssua. 

It has been recognized that the tissue impedance 
changes as RF energy is applied lo the tissue. Attempts 
have been mads to control thm power ctoMvered lo the 
tissue as the tissue impedance char«ges. Foreacafr^. 
cufrent has been controUed based on the change in the 
voAage or the power delivered by the genemtor lo tissue . 
The differential quotient of tissue impedance as RF pow- 
er is applied to the tissue has been used to d et ermine 
an initial power level and to switch oft RF p ower wt«en 
the dHTerenttal quotient oT impedarK^e reaches a preset 
value. 

NoiwNhstBrvftng these contiol arrangements, there 
is a oontirMiing need tor irrprove m ent inihe control of 
electfosurgieal erwrgy deliverance to the tissue ancM>r 
determination of when tissue treaimertt has reached an ■■ 
optimal level. 

In particular there is a need to provide a device arxl 
method for determining the end pomi of coagulation tor 
a variety or a range of tissue impedance, due to. e.g.. 
vafying tissue composition, tissue t>pes artd treated tis- 
sue areas snd'or volumes. 

The present inveruion relates to a device and meth- 
od of the type described in EP-A-0 640 317. 
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Summary ol the trevntlon 

The present nvention provides an vf^edance mon- 
itoring device and^ metf^wttichmonttocstheirTped- 

s anceol tissue tMtweeh poles of a ttierapeuticetectrosur- 
gical instrument Based on a model of axpected tissue 
impedance behavior over time with the deliverarKa of 
electrosurgical energy, the morutored tissue impedance 
is used to deterrnine tissue status. This win bs doscrttM 

10 in more detail below. A signal Indicating status of tissue 
IS piovidod aliher to a user or to an instnment oontioler. 
The datrico nwy also includo a SMAch which automati- 
cally turns oir the electrical anergy when tretfment is 
compteied. 

In accordance with the preser4 invention, a tissue 
impedanco monitor is provided which continuous^ 
measures tissue impedance as ele ctnca l energy is de- 
livered to tissue. Acooidng 10 known tissue impe danc e 
rnodels. tissue vnpadanca Inftiallydifops as eiecinc^ 
ergy is appiied and than begins tio rise again as ooagu* 
tation occurs. The present kivaittion provides tor estab- 
lishing a v^lue tor the minimum impadaurm. io.. when 
the impedi^Kte is at tu tawwe st value as th^ >energy is ^ 
pKed. Thea; the impadance>falue antieipatM toprovidb 
the desireicl ti^iie effect is ^Blermined by calc^ a 
selected function of tha asttbiished minimum srped- 
arKie. When the rneaswad impedance risee to the level 
ol the impedartce value for the desired resuk;"e.g., co- 
agulation, tissue we l d ri g or a taval of diathemiy. tl>e in- 

M strurnent wiD indcate or provide a response for such 
event. The jprasent inversion is preferably adapted so 
that the cor«dltion is detected for a range of expected tis- 
sue impedances whicfi varies aooording to tissue type, 
area arKM>r volume. 

9S In a preferred embodimenlttie desired tissue coTKli- 
tion is w4)ere ooagulBlion is oompleiad. VVhen this point 
has besn reached a f eedba cH s ig n a l Is provided to a corv 
trol unit or to ttie user, m wNoh time Oio ar>ergy supply 
is switched off. The f eadb a cic si^ml may. for example, 

«tf provide a visual. audMe or taenia signal lo a user, antfor 
may provide instructiorts lo a control unit to atrtomatcaly 
turn off energy s uppfle d to the tissue. 

Optiortalty. the device may also induda a switch, 
adapted to turn off electrical anergy when a shon circuit 

^ co ndition is detected, when an open circuil cunU M on is 
delected oriHAken the device to on, i.e.. supplying curreitt 
or voKage for a preset maxmum amount of time. 

In accordarwa wtth one aspect of the present Inven- 
tioa an elerimiiwgiLal apparatus tor coagulating tissue 

so durirtg a surgical procedure co mpri se s an mnd eCtoctor 
with opposing intertacmg surfaces which may bs closed 
towards each other to er^ g age tissue to be ele ctr oeurgi- 
caly Ueeded. Preferably the end effector includes first 
end s e c ond el em en ts movable relative to or^ arwiher 

^ lor engaging tissue to be coagtilBtad therebetweea At 
least one d the elactrical polaa of tha inetrumeni is com- 
prised ol an electrode associaied wlff) at least one of the 

first »na mmoon^ mimwnmntm. TH« mlmattvam im in c u iHa at 
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with the (tsftua to b« coagutatad. A power contfollar re- 
sponsive to a power control wflnal provides RF energy 
to the tissue contacimo etoclrode(s) of the first andtor 
second etemerYte. 

Impectece measuring circuitry is coupled to the OF * 
generator output and measures the impedance of the tis- 
sue between electrodes corresponding to the first and 
second polos. Feedback circuttiy is coupled to the im- 
pedtf>ce measuring circuitry. The feedback circuhry in- 
chxtes a first device for determrting a minimum imped- *' 
ance value and MOt^ aa«J m**imum impedance valuo. 
A second device provides a threshold determining circuit 
coupled to the firsi device. The thr eshokl determining cir- 
cuit deterrnines a threshoW impotence vah*e as a func- 
tion of the held minimum impedance value. * 

The threahokl determinir^ circuit may comprise an 
analog device for determining the function of minimum 
■ impectece or a digital circuit including, lor example, a 
look up table lor determining the threshold impedance 
value based on an input minimum impedance vahie. ^ 

After a threshoW value has been determined, a first 
corrparator compares ihe rneasured impedance vafce 
to threshbkji impedanca value artd generates a power 
conuol siyval to the power controller to control the RF 
energy deiyered to the tissue.upon the condilk>n ol. the i 
measured vTY^odance value exceeding the threshold im- 
pedar^ce value. 

A power conuolter may include at least one eledncal. 
ewkch for selectively supplying RF energylo the instni- 
monttocoaguWetissueposilionedbetweerithefirstand - 

escond elements. 

The power controller nf>ay selectively switch o« the 
power suppted to the tissue ur>d^r a number of cotmSi- 
tiof>s. The controller m^y be used to switch cM power 
Mhen the n^easured impedance value exceeds the 
threshoW impectence vakie, «*>eft an open circuit condi- 
tion or a short circuit concUtm exists, or if vottage end 
current is supplied for a period of lime exceedirtg a max- 
imum. 

Another aspect of the present invention provkies a 
cormol device for bringir^ the er>ergy output of the gen- 
erator ¥wthin an optimal range delermried by a system 
toad cunre. The control device uses measured toad im- 
potence lo determine me .desired ertergy level output 
and centres the desired energy output to me actual 
energy delivered to a target inchiding tissue. The conuol 
device takes the resumng comparison and controls the 
generator output accordingty. 

Although tbsiirwtrumert may be a monopolar device ^ 

or a multipolar device wckiding tvifo or more *ian two 
poles, the end effector preferably includes eiectrcai- 
»y opposite eleetrodes corresponding to two electrically 
opposite poles. 

in ttve prMarred bipolar device, electrically opposite 
otoctiodes of each oi the poles are tocated on one or 
both of the oppostf^g surfaces. Each of the first and sec- 
oTKl electncaHy opposite poles comprises at least or»e tis- 
sue oontectkto electfPde. •ledrodos are arranoMi 



on the distal erxJ of the electrosurgical device so that 
wt^ the first and secorW elements ctose together to en- 
gage tissue, opposite electrodes are located between a 
portion G< the engagsd tissue. The impedance monrtor- 
tng circuit monitors tf^e impedance of the tissue between 
the electrodes during the dB&visry of RF energy throu^^ 
that tissue. As descril>ed above a minimum impedance 
18 measured from which thrashoki impmJanca is calcu- 
lated. A oorr^rator compares the measursid fcrhpedarwa 
values tothe determined threshoW impedance value and 
generates a control si^l to swttch oil the RF power de- 
livered to the tissue, upon the corKftion o« measured im- 
paoance value exceedk«g the ihreshoW impedance val- 
ue. 

In one preferred embodment each of the electrodes 
c^espondtf^ to the first pole are ots^ with respect to 
the inledacihg surface from each d the etocirodea cor- 
responding to the second pole. In other words, the elec- 
trodes are offset frcxn a^ other so that they are na« 
I cliametricaly opposed from each other on interfacing 
surfaces or they are separated and insulated from each 
other on ihe same surface; 

In the prelerr«j| embbdifhem the electiosurgicel in- 
strument connpressei tissue in a odmpression Jione be- 
I tweeri the first intisrtacii^ «*«f«cs«nd^t^ 

laong surface erA applies electrical energy through the 
compression zone. More preferably, the oompresston 
zone IS m area defined by a compressioo ridge on one 
of the wterfacing surfaces whieft compresses me tissue 
» against the other interfacing surface Altemistlveiy or in 
addltior>. there may be a compression ridge on both in- 
terfacing surf aces. 

One embodirnent includes a culling elemeni asso- 
ciated with Ml end eflecior. The aiming etornein i^ ar- 
s ranged to cut tissue at or hear me coagt«ion site. Pref- 
ambiy. THe cbagUatton is completed prtoir to any me- 
chartical or other cuttirtg at or around the cpaguiatkan 
site. Once tissue is coagulated or cauterized, the cutting 
aiemertt may be used to cut through me coagulated tis- 
K) sue or between two zofias of tissue coiagutatloh: 

m anomer enrtefirnerit the henwslatib devk» is i^ 
corporaled into a linear culler simrtair to a linear cutting 
mechanicai stapler. In this embodiment the hernoetattc 
device compnses two sutietanliaiy paraBet and elongat- 
ts ed electrode bars which are associated wfth one pole. 

and a stot tor cutting means to travel between the bars. 
Optionalty one or more rows of Staples may prwwe on 
each side of the stol and bars to provide addrtxxial he- 

mostasis. 

50 In operation, tissue is clamped between two jaws of 
the wstoinienl. WW elecUical energy in the foim o< rwfo 
frequency is suppfcedteme compressed 

tissue to cc»gutate or cauterize btood vesse ls atory the 
two substantially paraltol bars. Based on the iifvsdance 

55 modeling of the device wtth ttus specific electrode con- 
figurabon. an ^ipropriaie lurKtion of the mWmwn m- 
podencs is mcoiporated wto the impedance feectoeck 

ciicutf to «*»iarmw»a an aoorooriata SvMhold • 
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t«val. A wamtng machanism is used to warn me usof 
%when me impedance is out of ranQe or exceeds the 
threshold impedarwe tevoi. Also the warning tttg^ 
be directed to a control circuit or power controlter adapt- 
ed to then provide an appnopnate nstrumertt resporwe. 
tnctudir^ where approprate io turn ott the RF energy de* 
tivered to the ttsetie. 

In accordance with arwither aspect of the present in- 
vention a method of pperatino^paratus tor electiosur- 
gically trestng tissue durmg surgicel procedure is pro- 
vided. Accordingly, a preferred rneihod comprises me 
stasia tit. applying RF energy «9 tissue to be eleclrosur- 
gioBlly treated by means of' an etoetroeurgieal instru- 
mam; nrteasurirtg the vnped^nce of the tisfue between 
elecirodes corresporidirig to two poles of the eis ctr osur- 
gical instrument: generating me ^npedance signal rep- 
resentative of the impedance of mo tissue; and control- 
ling the RF er^ergy applied to the eledirosurgical instru- 
ment In response to the impedance signal 

The step of cor i iioj iin g thii fy yteifgy applied lo me 
electrosurgical tnstrumem may comprise the steps cf : 
determining and holding rmwrium snpe da n ee value: de- 
terrnmng a threshpM impe<tafM 
tion of the rnviirrHim impedance value^^ comparing meas- 
ured impedwice values to me mreshold vnpedsrtce val- 
ue; anid ger>erating a coritrol eignal to coi«rol or switch 
off thb power of me controller upon the condition 
rneasured inrtoedance value exceeding 
pedanc^ value. 

In accordance with yet another aspect of the present 
invention, a method of operating an alecti osutgical ap- 
paratus lor coa g utatino tissue, duririg surgical procec^re 
comphsee the steps of: pre^idirig an eiecbosurgieal in- 
strument having en end effector comprising thii first and 
seeond tissue engagingiew^^ 
arxt second tissue er^glng surfaces including thereon 
a tissue contiBcting eleetfode. associated iMm a firct po4e 
oif an electrbeurgical system ar«l at least one of said first 
arid sepondtissue er>gagihg surfaces containing thereon 
a sacprxJ tissue contacting electrode assoctatad wim a 
second pole of the system; engaging tissue to be coag- 
ulated between the firsi and seobrKi^ssue engaging sur- 
faces; selectively cbntrolling RF energy j uppBed to me 
first and secorvl tissue ciantacting electrodes for coagu* 
l^g tissue positiorwcl the re bctxi^eert: rr^easuring the irr*- 
ptekiance of the treated tissue: determining and holding 
a minimum impedance value: determintr>g a mreshold 
impedarice value t»ased on a f urvtm of the mirmum 
impedarKe value: comparvig measured impedar^ce val- 
ues to the threshold impedance value; and conHoNir^g or 
s w itching off the RF ehsirgy oonrteeied to me first and 
second electrod es upon the condition of the measured 
tmpedBir«ice value exceedir>g the mreshold tmpedance 
vame. 

Other okiiects and advantages of the invention wtl 
apparecnt from the foMving descnpUon. me aci com pa ity- 
drawinge and ttie lottowvig claims * 



Brtef Descrtotlon of the Drawlnqe 

Rg. 1 b a side view of a tupotar endoscopic eiectro- 
surgical instrurvMrM operable in accordance wim the 
present inventiorK 

Fig. 2 is a partial cross-sectiortal view of me distal 
end of the nstrumeni of Fig. 1 in an open position: 

Fig. 3 is a partial cross-secicnal view of the distal 
end of the irwtrumenc in Fig. 1 in a dosikt unlired 
position: 

Rg. 4 is a partial cross sectional view 61 the cSstal 
er>d of the inetrurheni in a cloiied. fired pbeition: 

Fig. S is a trorit cross sectional view of the dietal end 
of the instrument d Fig. 1 akmg the line 5-5: 

Fic^ 6-9 repreeera a scfiematic t>ldck Idiagram of a 
nscfo^rocesaor cor itf oaed impedbvica monitoring 
apparatus lor ccintroling the RF imei^ itleKi^^red fay 
eledrosurgicat mtruriisot of Figure 1 r ' 

Fig. 10 is a scherrvriic Mock diic^^ an analog 
embodiment of the oomroller ftir usa vi the appara- 
tus of Figure l; 

Fig. 11 Is a logic dtagrarnof #iacomir&W ofVig. 10 
iVustradngj control 16^ tor RF outM ebritirt^ and 

Fig. 12 is a characteristic ewve illustrating me 
Chv«ge in impe da n c e over time during application 
of elactroeurgical energy to tbeue using the Electro- 
surgical instrument iltoetrvtiKf in Figure 1. 

Of itod Deecrlo tl e ft at the thvewtlon 

While the praseni invention ia generally appficable 
40 to a variety of ele ctr o s u r g ici ii instrumehta bom monopo- 
lar and iTiunipolar. and both <xxWente^ 
ie. it wiu be described herein wim reference to a bipolar 

inear ctitdng iTMtrUrnerit 

The prirnary pwpose of the innpedahce rnonitoring 

45 devica b to deiermirWvvhenitwti^ue haa been treated 
toadasiraddaQrae. Prarfarablythistr^^ 
ed when ttie tissue has t>een cauterized arid before ex- 
cessive tissue sbcldng, tNimsig or charring occurs. The 
iR^edtnce of tissue as it is being heated wim electro- 

so surgical enei^ generally followvs a Gharaaeifistic' 

■tpedMe cunre. Aocofdmg to the irhpedenee cun^e, 
ger>eraty t»>e irnpisdance win dedriiiase. arrive at a rn^ 
riHim vatue. and then rise ascoaguiaUon iind tissue aes- 
iccation cccure. At an iiii p e danc a or wiiNn a range of 

ss mpedances on a characteristic curve. coagUalion wifl 



3S 



Figure 12 is a characteristic im pe da n ce cwve lUus* 
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tha application ot alectrosurgcal energy using the elec- 
trosurgical instrument Hlustrated in Figs. 1-5. The 
preeeru invention deiarmirm a threshold impedar^e on 
tha cun/e at which ooagutation has occurred. 2^^^% 46. 
Hits irr^edartce ts based on the value ot tha kywest im- 
pedance on the cuive. 45. i.e . w^tenthe irrp«dary:e 
has Mopped taUtr>g artd begins to nse. A lunction d the 
mirumum impedance i(Z^) b used to approximately 
predicl a point at which coagulation occurs. Z^rv^i ^ 

Referring r*ow to Fig. 10 there »s iltusuated a sche- 
matic block diagram of an analog embodiment ol the wn- 
pedanca rrtoniionng davtoa ol the prasanl invention. The 
impedance monitoring clevica detaaninas w*Mn coagu- 
latiori IS corr^te as wel as other instrument parame- 
ters, tor example, ii there is an open circuit, short circuit 
or if vottaga and current is supplied to the Ussue for more 
than a predetarmff>ed maorimum amouni of time. Such 
conditior^ may incftcale a problem with tha ir>slrument 
anc^ tissue engaged by the instrument. For example. 
i( axcessNe. not enough, or rappcopriate ttssye is en- 
gaged by tha instrximent. 

Tha instrument 10 is positioned to engage tissue to 
be treated. Then, when approprialeV pos(tior>ed.,RF en- 
ergy IS supplied to the ttssue. 

A ger^erator 70 supplies RF energy to the tissue en- 
gaged by the end effector^ 15 of the instnmmt W. Prel- 
erabfy. 30 to 200 volts RMS at a fundamental frequency, 
preferably of a sinusoidal waveform , at a IraquerKy of 
about 300 Khz to 3 Mhz ts supplied with a ciirrant of about 
0 1 to 4.0 amps. Tha generator 70 is turned on by a user 
operated switch 42. The user operated switch 42 pro- 
vides a signal to the oontroOer 79 to turn on the energy. 
The output 129 of the controller is coupled to an analog 
sw«ch 1 30. When output 1 29 provides an W on' signal 
to the swfK;h. 1 30. an osdMor 72. coupled to an analog 
multiplier 75 throu^ the switch 130. suppKes a volage 
of a known frecfuency to the analog muBipMr 75. The 
output of the analog muttiplief 75 is coupled to a driver 
76 Which ts coupled to the input of an BF amplAer 7 1 
An ampltfied RF signal is supplied by me generator 70 
to a circuit 80 which includes i>e first etediode 39 and 
second electrode (anvil 1 0) of t>9 instrument 10. and 
tha tissue 43 to be treated by the instrumem 10. 

The current^ Bn6 voltage debvered to the tissue is 
measured arKl an RMS current Oams*) ^ 
age (*Vrms*} determined. 

A voltage and current sensor 61 serwes the current 
and votage delivared to the tissue. The votiage ar>d cur- 
rent senspr 81 includes a low tfnpedarKe current trans- 
former 82 in series woh the ger^erator 70; and a high' 
impeoance voltage trartsformer 83 corwtected in parallel 
across the generator 70. Preferably the current trans- 
former 82 has. for axampla. a i :20 wsndirtg ratio and a 
SO C3hm r««istor in parallel with the seconoary of the 
transiormer Preferably the votage transformer 83 has. 
tor example, a 20:1 windmg ratio and a IK ohm resistor 
in paiattel wittt the eecomlaiy ot the transtormar. 

The output of the current tfarksCormer 62 is couDted 



to an RMS converter 84 . The RMS oonvertar 84 converts 
the sensed cuneni to a DC signal to provcde output 66. 
representative of Irus- output of the voltage trans- 
former 83 b coupled to an RMS converter 85. The f^S 
s convener 85 converts the volcage sigrtai into an DC sig- 
and prcvKte output 67. represenialive of Vf^m^. 
The measured impedance. Z. is then calculatad 
from tha measured I^ms ^nm- ^ outputs 67. 65 
Vnus 'aus supplied to an analog divider 68 
re which divides the ^mas by the current I^ms to provide 
an output signal 89 reprasantative of the measured im- 
pedaf>ce. Z. 

From the 1^43. V|ums measured impedance. Z. 
the irnpedarica rnorwtoririg davica dMerminas 

IS short circuit or open circuit oarwfltionaxlata. whether volt- 
age artd current k>een delivered tor an amount of time 
exceeding a predetarmnad maximtffn. arvJ w^mther co- 
agulation is complela. 

A short circuit condition is datarmined by companng 

20. the measured impedance. Z. I0 a predetermined short 
circuit vTViadanca threshold at or below which shod cir- 
cuit is likely to exist (*Z$c*)- If the measured Z is at or 
below the 2^. a short circuit signal is pnovnied to the 
controMer 

The impedance signal 89 Is input to a short circuit 
detector 90 compnsed of a compamtor: The poaitlva in- 
put 92 of the comparator is cormacted to a potentiometer 
93 wt^ich sets the threshold impedance. Z^c- When Ihe 
impedance signal 89 causas tha input at lha negatAra 

30 input 94 of the comparator 91 to be lower than that at the 
poaitive input 92. vi *on' condition occurs ai lha output 
.95ol the comparator 91 . This cor^ditton is communicated 
to a logie corvtroter 79 which providas a praprogiammed 
insUumeni response, which, in this embodimant, in- 

J5 eludes tumirtg off RF ertergy. 

An open cscuit condition axtsts if thata is a voliage 
between the electrodes 18. 39. and no current An open 
circuli a determined as toUows: If the V^ms i* 
predetermined nwiimum threshold indicating a Voltage. 

40 Vf^,^. ml the is betowa predetermined minimum 
current threshold indicating a current I«umIi' 
open circuit sigr^l is provided to a controller. 

A currant threshold detector 106 indudas a potanttr 
ometer 107 coupled to tha rMgadva input 108. The po- 

4S terYiiometer 107 sets the Im^Mi, level so that whan a cur- 
rent is present, the current detector 106 win indicate as 
such. Tfie IfiMs »*fl'«l 66 is connected to the posiliva in- 
put 109 of the comparator 1 06. Thus, whan the tpu^ is 

greater than the value. loifMn' set by the potentiometer 
so 107. a positive voltage appears at the outptA 110 dl the 
currertf threshold detector 106. 

Snulariy. a voltage Ihraehold detector 113 incMes 
a potentiometer 11 4oonnactadto tha ne^tive input 115. 
The potentiometer 114 sets the votage threshold at 
ss which the threshold detector 113 registers a poeitwe out- 
put. Vptmari » minimum vottaga Is present- The 
Vfius signal is input to tha poeitiva input 116 <rf tie 

IKracttold dat«ctor 11 a T»>i». If IHe V,^,^ m Mr mm tt m 
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^ttirMh by potentiomater 114. a positrvd vottaga 
wHl appear at the output 1 17 of the vottaga threshold de- 
tector 113. 

The output 1 1 7 ot the voftage threshold detector 1 1 3 
is ftl50 coupled to an AND gate ill and the output 110 
of the current threshold detector 1 06 is coupled to an tn* 
vened input 1 1 2 of the AND gate ill: The AND gate 1 1 1 
acts as an open circuit detector. When the V^y^ exceeds 
the V^,^ and y^^ro the l^^a ^^i exceed l^imA' 
a logic 1 wM appear at the output 120 ol the AND gate 
111 ir^dicatirtg an open circuit. The output 120 of the AND 
gate 1 1 1 is coupled to the contrcMler 79 to oommunicaie 
the open cucuil statue. 

II current or voUage is suppled an extended period 
of Iwne and a ooagulatioo complete condition has not 
t>een detected, it may indicate, for example, that the in- 
sirunr^ent ts not clamped on tissue or that a maHunciion 
has occurred. If the Vf^^ is above the predetermined 
VfiwMh 'iMS at>ove lthi««k. then a timer ts turned 
on. If the timer is on for a period of tinte greater than a 
predetermir>ed maximum amount of time, T,^. then a 
txne over sigrtal a provided to the contfoHer. If the dura* 
. tion of the tvner on is not greater than T^ tt>en the de* 
vice continues lo suppv current to the tissue and con- 
tirujes to measure current voaage and impedartce. etc. 
as descrtt>ed at>ove. 

The output 1 1 0 of the current threshold detector 1 06 
IS coupled lo an OR gate i i 8 which is ooupted to a timer 
121 If the l|^ exceeds the the output 110 of the 
. current threshold detector 106 imH preservt a loj^ 1 to 
the OR gate 118 Mhtch win then turn on the ttmer 121 . 

Stmtlarly the output 1 17 of the voltage threshold da- 
tecior ri3tscoupladtoiheORgatell8. tftheVtf.^is 
^^'^^^•^ ^ V^utt. ^ OR gate 118 wdt present a logc 
1 atftsoutpuiil 9 and turn on the timer 121. The output 
1 23 of the timer 1 21 is coupled lo the controller 79, When 
the timer 121 has been activated tor an amount of time 
that exceeds a preset threshold lime, T^. the output 
}73 wii t>e a logic 1. The ttmer is reset wi9\ the user ac- 
tf^ted switch 42 wtiich is coupled to the timer reset input 
122. >Mr»enihe instrument 10 is reset 

A coagulation complete condition is determirted as 
foltows: First. is deieimir^ed. Then, a target mpad- 
ance at which coagulation is oompleie. Z^^^^ a calcu- 
lated as a function of the mnimum impedance. The initial 
unpedarve. Z^, Zt^^f ^oq9 of the impedarKe curve, 
and Vme to complete may vary tor a given application 
and/dr tr^rumenl. but tend to correlate to a function of 
minimum impedance. Depending on the instrument used 
andAor the. actual desired result the actual function of 
mviimum vnpedanca may vary. In this particular emt>od- 
iment HZ^y^) is Snear: f(2^M} = 0.2Z 4- 500 This function 
IS bour>d. I.e., w^re ts > 560 ofvns. tt»en 2,,^, ts 
SO ohms. t^Z^> may be a dtfterent function. It 
may be contniMSUs. rvm -continuous, linear, nor>-lir«ear. a 
piecewise appr o a um afaon anc^ in the form of a Idok-up 
table. HZmt^) may also be bound at different values. 
The impedarure signal 89 is used to determir^ c«&uo 



coagulation as foSowB: First, a deterninatxan is made 
wither the measured Z is a minimum impedance. Z^. 
The vnpedance signal 89 is invected and offset try a gain 
offset mvener 96. The output of the gain offset irwerter 
5 96 is in turn is couplad to a pealc detector 97. The output 
T02 of the gam offset inverter is representative of an in- 
verted ar^ offset measured Z. i.e.. (-Z-^k). Z^ will r>ow 
bethehi^>est off set value of (-Z 4^ k) encountered. 
The peak detector 97 thus detects and hokts the 

10 highest value of the inverted ar^doffset measured imped- 
ance. Z wtftich is Znm- VVhen ^ occurred, the out- 
put 103 of the peak detector 97 is represerMive of (-2mm 
* -t-k) RF energy is oontimied to ba applied to the tisaua 
arkf the rnontormg lor shcWt cifcuit open circuit ar>d tirne 

1* over as weU as looking for a 2„Hii continues unUi a Z is 
equaltoZ,^,. 

, WheniheZ„nf»^^A^<'B**'*nmed,fur\ctiohof the 
Z^ (f (Z^y is calculated to provide a impedance. 
g^t. ^ which treiitment (coagtMion) b dorf^ta^. The 

so output 103oflhepeakdetector97iscoupledtoathresh' 
okJ datemwmg cticuit 98 «4uch calcutates the function 
of Z^ to determine ttie Z|^,. The output 99: 0f the 
thraslKM detemiifiing circuit b representative Of^Z^.^ 
when the ntaasured impedanbe ie equal tb Z^. 

ss A corttirwioua compaitodri b made between 2 ^>d f 
(Zmny* ^ sfKMiU l>e noted here that t(^„igj is continuously 
calculated as f(Z) unt8 a Z^iA b deteclM:',T^ 
son b continuously made between Z arwl f(Z) unti 2^ 
b cfetecmined. Thb does nbl have a sigrMftom bonee- 

>o querm; however, becaijse k b arrtidpaled that f(^ 
t>a targar than Z during tissue treatmerit arKJ a premature 
coagutalbn cornpiete sijyiai therelorb wii 

Ifmaasurad Z is lass than or equal to the Z^^^ then 
erfergy is conftiraied to supp9ed aiKf st^ de- 

<M scribfkd above are carried out until a signal lias t>een pro- 
vided to me controier ttiat there b an open circuit signal, 
short cffcijit signal, a time c^er signial. or a coagulate 
corriplata 'signat If the measured Z b graat^ ttian or b 
^^^tuat to *Z,^^* thi^n a sigrial b provkted to the controNer 

40 thai ooagutabon has t>een completed. Again it b noted 
that k) ttils ernbodirhertt Z has been inverted and shitled 
in order to a cco rrirw uaat aZ^ determination via trie peak 
detector 97. The impedance values referred to in mis 
paragraph are the actual impedance vakies 

^ The output 99. Zt.,p«ii of the threshold determining 
circuit 98 b coupled to the posi^ input 101 of aconr>- 
parator OP amp 100. The output 102 of the gain offset 
irWerter 96 b coupled to tlM negative input 104 of the 
comparator tOO. The comparator lOO compares the -Z 

so > k representative vahie which b input to the negative 
nput l04of tf»e comparator 100. to the Z^^t f^Mant- 
asive value which b calculated as a function of *ZMto k. 
If -Z k ie less than or equal k> the Z,^g^ the comparator 
output 105 wiH be poeitive. That b. if tt>e rneasured Z b 

^ greater ittan *tZ^), a ooagulaiion complete eignal wilt 
appear aA ttm output 105 of the campaiBtor 100. 

A signal bpravk>ed to a contfotlerfcy each condi t io n 

trtdnC Mt inO 1Mt««tH«r or not m gM«#« cnrwfitton manm^m M pn w 
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the exatenco of one or more of lhes« condrttons tt^e RF 
energy is auiomaticatly turrted olt by the contrptler. Fig. 
11 HkMUates the system logic of the contfoHer 79 The 
conuoller 79 includes e short crcuit input 1 24. a coagu- 
lation comptote input 125. an open aicuil input 126 and 
a tme out input I27..as well as a reset input 128. The 
conUo»er 79 also indudas a RF control output 1 29 which 
switches on ar^Of oft the RF generator dslnrery ol elec- 
trosurgical energy lo the tissue. As long as the output 
129 is a logic 1. the RF is on. The output 129 is a logic 
1 whan coagutate complete 125. time out 127. short cir- 
cuit 124. the open cwctA 126 and the reset input 128, 
are all at a logic *(r. If or rmeof the Inputs 124. 

1 25. 1 26. 1 2?; 1 28 are 81 a lo^ • 1 • the RF oontrol output 
129 IS a logic "O* and the RF is turned oK. 

A pf^iBtrpd embodvnent provides a control device 
which controls the generator pnwqf output tased on 
lows impedance. The load vnpedance is used lo deter- 
mine a preferred energy, level, e.g.. vottage. current or 
power level, based on a spociic system load cunre for a 
ger>era1or. instniment and/or application. The control de- 
vce then compares the actual er>ergy tevet for the meas- 
ured impedance with the desired er>argy level and ad- 
justs me generator output aonxding to tTwdifl^ ber 
tween the two, i.e.. prelermMy to rrMhnrMze the difference 
between the two. 

The specAc bad oirye prefe^ly reflects the. voft-: 
age. currem. power. for.a w9S ot «npedance: win 
optimize pertorman ca of trie instrument. The load cunre 
may have various fprrrv, for exemple. it may be contin- 
uous or may be slapped. The load cun^e may vary from 
generator to generator, lor 4 paticular instrument in use 
with the generator/or for a particular electrosurgical ap- 
plication of the generator. For enmple. in a one embod- 
iment using m MnirnM^ such aj» daseri^ herein, 
three impedance ranges hiwe been idemifted at which 
difler*nt energy requirements exist: Initially tissue im- 
pectenee is in a lower rar>ge. 0,9^ appiaxvnalety 20 to 
1 00 ohms. In the lower rar>ges. more current is required 
toprovide enough power to initiate tissue coagulation. A 
second, mid-range of. impedances, e.g.. appmimately 
1 00 to 500 ohms, requires enough power 10 meinain the 
coagulation process. A third range of higher vnpedances 
typically occurring towards completion of coagulation, 
e.g.. apprcorimaiety 500 ohms and above, requires the 
voltage be liriuted to prevent sparking and tissue sticking. 
Thus the system load curve in this embodimertl would 
reflect both the tnnerem characteristics of the gerwraior 
and vottage output ajt vvhicft optimum power is delivered 
for a particular wnpadanca. as wen as the specific power 
requirements for a predetermined ir>strument and appli- 
cation. 

Referring lo Fig. 10. a generator with a servo loop 
control device, b inustrated. The impedance signal 89 
and the voltage Vrms fiignal B7 are fed back to the gen- 
erator 70 through a oonftrol device which comprises a 
function fitting device 61 and an wror ampfiTier 62. The 
control devic* causM the oanerator 70 to ofoduca volt- 



ages within a desired range based on a load impedance 
fit to a specilic load curve. 

The irrtpedance 69 is fed to a tur^ion fitting device 
61 . The output 64 of the lurwtion fitting device 61 repre- 

s sents a desired voltage l>ased on the input impedance 
69. Thb desired vottage function is the voltage required 
for the genemior 70 to produce e particular. pre-^Mer* 
rrwned toad curve. Desired voltage output 64 atong with 
actual voftage ts led into an error anpNier 62. The output 

to 65 of the error amplifiar 62 represents an error voRage 
which IS fed iruo an artatog multiplier 75 through a diode 
77. 

Alterr^alfvely. current, power or artother energy pa- 
ranneter may be used to control the output of the er>ergy 

rs source or gerterator 70. A signal corresponding to im- 
pedance of the target is nput into the function fitiing de- 
vce which provides a destred current, power or other en- 
ergy paramiMer output, which is then compared lo the 
measured or calculaied current, power or other er>ergy 

20 parameter. . 

The diode 77 ensures first quadrant operetion of the 
anatog mukiplier 7S The anakjg mutliptier 75 furKtions 
as an arnptilude rnodutator of osctKator 72 such that large 
. error voltages at output 65 rssut in targe oi^uts from = 

25 RF wwplifier 71. And smaN error voltages ol output 65 
result in smaller fV output from RF amptiTier 71 . Thus. 
. generator 70 acts as a closed-toop servo system based 

. . , on voltage such that a desired toed curve is obtained. 
The loop compensaiksn device 63 acts to stabmza the 

JO senrotoop. If an electncal parameter other than voltage 
is used, the form fitting function preferably outpue a sig- 
nal reflecting the difference in the altemalKre energy pa- 
remeier. . . , 

Referring now to Figures 6-9 a ftow chart Mustralas 

JS a mettKxJ for carrying out a microprocessor controHsd 
embo dim ent of the present irwentkm. When the system 
IS turned on (block 200). ihe variables including Znm, 
^tjAxn 'suxh ^inn^ ^ IniBalixed <bk)ck 

201). The system contmes to look for the actrvatton of 

4Q the RF swkch(bk3Ck 202). VVhen the RF switch IS turned 
on. the interrupu are set tor RF Switeh (block 203). lor 
Short Circurt (btock 204). and Open Circuit (block 205) 
so that when orte of these interrupt conditons occur, the 
micrcprooessor automaUcatly goes to the instn*ctiorw 

4S associated With btock 234. 

After the ir«errupts are eel, the timer is started (block 
206). A sequence is run to check the RF empWier health 
(bkxk 207). e.g.. to took tor an Amplifier On sigr^or to 
check if certan voftages are in a suital>le rartge. It the 

so tfnpNTier is operating properly. RF energy is turned on 
(bkx:ks208and209). 

. It the arr^Hfier is not opsrating correctly, an RF Off 
request is made ^>tocks 209 and 210) and a Hardware 
Faikire Alert flag is set (bk>ck211). The system tooksfor 

$s a hardware faMura flag (btock 233). When the hardware 
Caihire is detected, the controller provkles a hardware 
(aflure alert indicalkan and shuts ofT^ (btocks 243 and 

244) 
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If hardware tiailurft » not rtdK:atod (block 233). then 
^riM *mi« ^ (block 235) to datafmvM (t ar>y voli- 
age or currant is being auppttod by the system (btock 
238). When the system is first initialized, until the instruc* 
tion to turn on energy in btock 209 ts reachecl there 
shouU be no current or voMage. If there is a voltage or 
curreru with the RF request off. then there is a hardware 
faikire. A hardware faiure alert is irtdicated and ttie pro- 
gram rs stopped ( blocks 24^ and 244). 

It RF erwrgy is turned on (bkxk 209). then the V^. 
arKSI;^ are read arMf the impedance. Z. i* calculated by 
dividingthe V^by the i^. (block 21 2>. The controOer 
checks to see d the V,^^ and Imm* 
(block 21 3). These flags are set whan a mvumum thresh- 
okJ voltage b present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

I* ^ ^MM* ^ >»mm» sat (21 3) the sott- 

^ware looks tor a tone over cbrxiition to daterminie if the 
device has been on for a penod of lime in eaicess of a 
-'maxvnum. If a time over condition is recognized, the ttn- 
:' ar flag is set. RF energy iii turned o0 (blocks 218 and 
21 9)^ and a hardware failure check is run (btock 233). 

After looking for a time over condition, the corvtroller 
checksifor a short circuit or open circuit conditiort. It a 
shod or cpen circuit exists, the corraspor^ding short cir- 
cuit or open circuit bit is sat (block 220>. RF energy is 
turned oft (block 221). avS a hardware failure check is 
run (block 233). 

The controller checks again for V,^^^^ ar^l l^n,^ m 
l>lock 222. before pfocaecfin^ to the threshold determin- 
iTHl portion Ql the eifcuji tlustraiod in Fig. 8: If the vokage 
or current dkJ rw( exceed V^^,^ or ^tximn ^ t>*ocks 214 
ar«d 216. the controOer iterates the sequertce beginning 
at block 212 for datecdng time over, short ckcuii. open 
circuit i.e., tha coagulation oomplece detection enable 
This ertables the device to wait unfit erwiugh cunerti arid 
vonage is deftvered to the circuit to check for the coagu- 
lation complete oonditioh. 

r "'If the V|-| rtti and ^<re set; the short circuit 

and open cvtu it tnu are not sat (blocK 2^). artd the time 
over cor>dition does not yet exist (bkxk 21 9); the meas- 
uredimpedance usedto€<eteitnir>a if coagulaton ts com- 
plete as follows. 

The Z irvlial flag is set durb^g the first iteration and 
ZfMiM is inaially assigned the measured impedance value 
(blocfcs 223*225). IrUtialy. Z^j^ i* t^ same as the meas- 
ured impedartce arxH thus block 227 is bypassed at block 
226. A calculation is rnade of tg^) (bksck 228). As ky>g 
aa the measured impedartce is less than the f^^) the 
sequence is iterated (229. ^31). ir> the next iteration of 
blockS'223-23l . the r^awly measured vripedance is com- 
pared to the previous measured impedence which has 
k>een assigrted (block 226). As lortgas tte imped- 
ar^ o decreasng. Z,^ will be reassigned tf)o new val- 
ue ql the maaaurad impadanea (blocks 226 and 227) arKJ 



the steps n 
orealAr eian or 



When tha rneasurad impedarM is 



ar\ce. the coagulatk>n complota flag ts set (block 230) If 
coagutatKn complete flag ts set, iha RF is turned off 
(block 232) and the hardware failure check is run. 

If after tfte irutial run throu^ the program a fxardware 

5 failure alert occurs (t>lock 233. 236) or an irttenrupt oc- 
curs, the pr o gr am daiermMs the cause ar>d ridicates 
as such (t>locks 233-242). The ana 1^ are read, 
(bkxrk 235) If no currarHor vdltega is being delivered to 
the system, tha controller checks to see It It^ open cir- 

TO cuit short ctrcui or time cvor flag* have beeri set (block 
237). If so then a signal indicates wAwch flags have been 
set. ar>d the program ie relumed to start (bloeks 240. 
242). Similarly, oontroler checfca for the cbagulatkm 
coThplete Rag (block 239). If there Waa the coagiMkyt 
complete flag hats been set A wiQ tie inclicatad for ten 
seconds (bk)ck241 ). if not. A wHI be indk:ated as not oom- 
plate (Mock 240) and the program wiQ return to point at 
the Stan (block 242). Preferibty the electrni compo- 
nents isalectad to cariy oil! ttia steps ol Figs. 6-9 are 

^ adapted to provide a isomplete itertion of al the steps 
at least every 1/50 s e c ork i . 

Referr ing now to Figs. 1-5 there is ifUstra^sd an vv 
strument to be used ki coniunctlon with the irnpedance 
feedback device of the present invention. An sindosoopic 
linear cutting and staptir^o instrument 10 ie i^^cwm hovir^ 
aftousing l6coupled1oashaft30iMrHha*tur^^ 
ing tr^erethiough artd an ervf effector 15 eidertding from 
the dt&taf end of the shaft 30: The end eHi^r IS com- 
prises first and second elefnarka v^tich are bohi^irised of 

30 iruertacv^iawmembers32:34. Jawmen^^ 

ably secured to |aw rnember 34. The iKxisih^ 16 has a 
clamping trig^l 2 for cloaing jaw membefs 32. 34. Jaw 
memtMrs 32. 34 are stiown In an undampaid position in 
Fig. 2. in a'ctamped po s i ti on prior to instryrrierit firing in 

9S Fig. 3. and in a damped poskton after irtstrumert firino 
in Fig 4. 

Jaw mernber 32 cbmpriaas an anvd 18. Lf-shaped 
electrode 39 exiendng akmg the length of the jaw 32. 
and a t>sha|>ed insulalir^ matanaf 31 surfouncfirtg ths 

^ ouside of ttie ele ctr ode 39. Ja w rnsirnber 32 has an inr>er 
surface 33 which tacM an irmer surface 35 cjf jaw merri- 
ber 34. The U-shaped electrode 39 comprises two elec- 
Irically commimicaling otectrode k»ars 27. 28 tomiing s 
first pole and located on and extendktg substantialiif 

^ aiong the h&ngfOx of the inner swtace 33. The li-ehaped 
ele ctr ode 39 is comj pfi s ed br a conductor, such as. alu- 
mir%um or surgical grade stainless sleei The l>ars 27. 28 
are separated by a knSe channel 29 ext en d ing longsu- 
dinaHy throu^ the middle Of the electrode 39. Pockets 

fo 36 locaied ori anvi 18 for receivir^ staple ends itfe k>- 
cated along the irwter surface 33. taleial to and outskle 
of bars 27. 28. The electrode bars 27. 28 Mf insulabng 
materiel 31 form a ridge 56 extending out retsUve to an 
anvil portkn 37 of the inner eurface 33 (Fig. 5). The elec- 

^ node 39 acts as a first pote of a bipolar system. The anvil 
18 is fomied of att eieclricaty oondudive matariat arxl 
acts as a second pole of the bipolar eystem. electricaty 
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tatad from the aloctrodM by th« U-thaped ineulating ma- 
torial 31 

Bipotar enorgy may be supplied to the end efleciof 
15 from electrosufeicat generator 40 (fig. 10) through 
wires 19. 20 extendmgirtlothe body 16 of the instrument 
The generator 40 i&4jser controiod by way o( ewnch 42 
(Ag. 10), Wire 19 piovidec electrical current to the elec- 
trode 39 through electrical contact means extending 
through shalt 30. Wire 20 camet a ctirrent to the annni 
18 and is coupM to the anvrf 16 through an electricat 
contact rf>eane extending throus^ the shall X. The elec- 
trical circuit is cloeed w^ien arid or^ when lh»clarnpir>g 
trigger 12 is closed. A means of connec ti r^g the wire to 
the corresponding ejectrods as well as instrumeru actu- 
ation rrteerw ara descnbed in parent ap p li cali on S,N. 
oa^D95.797. incoipoiatad herein by reierance. 

Jaw member 34 oonipnses a cartridge channel 22 
and a cartridga 23 inserted into the cartridge c^iannel 22. 
The cartridge 23 Include a track 25 lor wedge 1 3. a knile 
channel 26i:extendingrtbrtgtudi^ 
of the caitridge 23, a aanes of drivers 24 extending into 
the track 25 arid staples 1 7 arranged in two sets of par- 
allel dbut>te rows. Wheri tissuis is engaged between 
ctmped jaw members ^2. 34. a mhg trigiger 1 4 located 
on housing 16 may ba actuMed to advance a cutdrig el- 
ement It through the erigaged tisMM to 
Sirnunarieously. ii^Mri ttie 

the wedge 1 3 is ac^faneed through thl|^ tiractc 25 causing - 
the drivers to 24 to dispkice tofiwardat the staples 17, 
thereby driving the MplMl7«hiioughti3St^ 
vfl pockets 36. 

In operation, the arid afledtor 15 of tf^^ 
located at a tissue site where ttsitua is to be treated The 
jaw members 32. 34 are opened arid tissua is tien 
placed kMtween the miaftacing imw surtoces 35, 33 r^ 
epeciively of jaw rniMnbara 32; T>m cla mping trigger 
12 is squeezed to cause the lewmembers 32, 34 to dose 
to locate and oompresa ttsaue b et ween the irtteHacing 
wnw surfaces 33. 35. The closura of the dampvig trigger 
12 also ctoses tt>e electrical drcutt. When the tissue has 
t>een appropriately sAuatad bstwecn the iaw members 
32, 34, a user may apply ^ ^'^^^'Vy the generaior 
40 usmg a user act^ratad sWilcli 42. CurrerH flows 
through the compressed tissue be t wee n the electrode 
39. i e.. the bars 27. 28. and the anvi 16. 

After the RF energy is turned olf. the corvironer indi- 
cates the irt strum ertf status. e.g.. open circuit, short or- 
cuS. coagulation complete, time over. If the coagutatksn 
oornplete status « indicated, the firing trigger 14 rriay k>e 
actuated to advartca cutt»>g element 11 through knVs 
channels 2i6. 29 to eu engaged tissue between the bars 
27. 28 where the tissue has been cauterized. Sinr«iRar>e- 
ously. the firing trigger 14 ac^ances the wedge 13 
through treck 25 to a dv an ce drt^ers 24 to era staples 17 
through tissue artdintopockets36of the anvil 16. Thus, 
the cut line is lateral to the ooagulatton ines formed by 
the bar electrodes 27, 28 and staples 17 are applied into 
lortgitudirtaay double rows on each skte of a%e cuttir« el- 



ement 11 as the cuttvig element 11 cuts the tissue. 

The inventMn described and the spacHic deuils and 
the marmer in iM^ich it may be carried out having been 
exempUfied it wtU be readily apparent to those sklBad In 

5 the art that munnerable veriations, modTtcations. and 
extensiorts of the basic princfUes involved may t>e made 
%Mthoiil dapartng from the spirit and scope of the presertt 
inventiorv The impedbnca feedback system as de- 
scribed above is used to indicate wtfien sufficteni cautar- 

10 izatton has occurred. Whan coagutabon is complete, a 
signal may be pcovkJad by a oonuoOar to a user, or a 
comioaer may automatically turn off the RF energy. Oth- 
er sifpals may be praMdsd to an stttrumem ueer as wel. 
For a xamp ta a tone oorrssponding to the maasurad im- 
pedartca may be providsd.to a user to audtoly rmmtor 
the change in irryerlmr'e. 

tt is also iriterKled that this devicer arwyor rnethod be 
used with numerous typaa of atwrtmsiiroical instruments 
inducting morwpolar, b jpota f arid rtiuitipolar configiHa* 

'9 ttortt;-Tha impada nc a f eedb a c k system^nay be mduded 
in part or in whole with the actual instrument, ae a sep- 
arate unit andtar with the energy equrce or germvlor. 



^ Ctalma 

1, A control device comprising: 

impedance rneosuramwnt circuitry adapted to 
tM coufM.to tiasua-m 
30 atad wiih a ttsaiM-lfaabhg^portiorv of a surgleal 
instnanent arvt to an energy source adapted to sup- 
ply tharapeutlc a l ec ti OB u igical energy to aakf elee- 
trodaaiand. 

an energy control signal adapiad lo control RF 
»s er^ergy.suppfied from sakl energy source to sakJ 

wherein said impedance 'msasu f me nt dr- 
cuilry is adapted: 

tomeMUia the impedance of fissue engaged 
40 by said tissue-tia ati ng portion otsaxi surgical Inetru- 
msnt^ 

to determine a minknum impedance value: 
to d et ermi n e a target impedance valua » a 

function of saidrnMnum knpedsnce value: 
4S to compere maaaured impedance vakMS to 

sakt target impedance vakM; and 

to akc|f siM energy conifol signal when saU 

measured impedance vakie ex cee ds eaki target 

impe rta nre wkie. 

so 

2. The control device oldatml, wherein said imped- 
ar^ce meaiuring drcuiiy mdudss: 

a first davica for determning the minimum 

ss a seccnddavi ae coupled to said first devfce tor 
Marminirv tie targal impedan c a vahie as a func- 
tion d sasf minimum impedance vatusc and ^ 
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An •lactrosurgpcal davM for uaAling tissu« during 
a surgical proc«dum. the otoctraturgicBi dtvtcb 
composing: 

•tectrieatjr isolated first and second Atac- 



rs 
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ance vatuos to said target inipodar)ca vatus and for 
9er>« rating a signal ndcatmg wt^oiher said moas- 
ured impadarwa valuo excoads satd target imped- 
ar>co value. 

A control device adapted to be coupled to an energy 
source tor providing efectrosurgical energy to tissue 
to be treated, the control dovico compnsvig: 

a first input for recefvtng st teasi one oH a ttrst 
signal represantativa of vbRagsrdolivered trom said 
energy source lo said tissue and a sacond signal 
/epresemaifve of current detfvered from said energy 
' source to said tisaue: 

a second mpu for receiving a third signal rep- 
resentatve of a target irnpedartce lor said tissue on 
the energy souice. deterrntried f ibm the ftrst and 
aacond signals: and ' 

a function fittirtg device for providing a fourth 
signal reprasahlativa ol dssirad arW% output 
according to a system load cun^, ma f otinh signal 
conespondino to desired aneigy output for the tar- 
get load innpedance represented tvy the th^ signal: 

^wherein said control device is addled to: 

control energy output by me anergy source 
based on the third signal representative of the load 
impedar>ce: and 

control the energy source to faring electrosur- 
gical anergy dtflfvered by the energy source to the 
target wMn a range of desired energy output l>ased 
on said system load curv^. 



T>^ comrol ddvfcM of ielatm 3 «)«fw^ 
parison device for connpahng saxf fourth si^ 
resehiaAlvv of dosamd energy output to at least one 
of said first and sacond signals, said comparison J« 
device being adapted lo provide a contnsi signal lor 
contromng said er^gy source. 

•'The control device of claim 4, iwfterevt said comrol. 
signal represents a differerKe between said fourth «tf 
signal and said at least one of said first and second 
signals. 

A generator for providing etoctrasurgical energy to 
an elactroeurgical device^ said generator compris- ^ 

ing: - 

an eiectiosurgical energy source lor providing 
aiactroeufgicat energy to said electrosurgical 
devce; and 

acontroldeviceaccordingtoanyoneof claims so 
1 to$. 

w4ierein tf^ control device a arranged to con* 
trol the output of said energy source. 



to a. 



uodes adapted to contact tissue to be treated and 
to cause electroeurgrcal energy to be conducted 
between said electrodes mrough said tissue: and 

a control device aecordirtg to arvy one of claims 
1 to S. 

where«i tt>e control device is adapted to con- 
trol the ouput of said electrosurgical energy 
between said electrodes. 

An electrosurgicat device for traatirfg tissue durvig 
an elactrpMirgical ptocadura. the alactrostirgMl 
device comprising: 

atoctricaly isolated first and second elec- 
trodes adapted to compact tissue to be treated and 
to ^use electrosurgical energy to be conducted 
between said electrodes ttuough said tissue: 

an el ertrn sii r|j jj L ol artergy source for ptovidng 
said atactrosurgipid energy to said electrodes: and 

acorvtmldai^jaccordmgtoanyoneclclairns 

1 tos, • \ 

wherein saidcontrpi dsvice is arranged to corv 
trol the output from seid electrosurgical eriorgy 
source to said electrodes. 

the electrosurgical device of claim 7 or 6. wherem 
said first electrode is located on one of a first ar>d a 
second elemeni and wtierein said Rrst and second 
elements are movable relative to each other for 
engagirtg tissue therebetween. 



lOL Tha aiectiosurgicaldavicaofclairng. wherein said 
sacond eleclipda IS loottad <m t^^^ 
first and secor>d eiemems. 

11. The electmurgKal devka of ciatm 9. wheretfi: 

said first and second eiemervts each com- 
prises an interfacing surface for engaging tissue to 
be electiDsurgiically iraaiedl 

said first and sacond electrodes each com- 
prises one or more electrode elements located on 
said irtf edacing surfaces: and 

said first and second electrode elements are 
offset from cna another wim respect to said interfac- 
ing surfaces. 
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